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2. 

Electron02 uas launched on 30 January 1964 and was operational 
during a prolonged time in the  high-latitude regions of the magnetosphere. 
The apogee m e  11.7 RE and was at f l i g h t  comencement at a point with 3.3 
hours l o c a l  time. The perigee of the  o r b i t  wa8 460 km, the revolution 
period was of 22 home 40 minutes, the inc l ina t ion  angle of o r b i t a l  t o  
t e r r e s t r i a l  equator plane was 61°, The data under consideration cover the 
period from 30 January t o  21February 1964. The spher ica l  anal;pzers of the  

construction described were a lso  applied in the short-term expe rben t s  
car r ied  out on Cosmos-12 and 15, of which a brief compilation of the  re- 
s u l t s  obtained i e  given here, 

A P PA R A T U S 

The only difference in the e l e c t r o s t a t i c  analyzers ueed on satel- 
l i t e s  Cosmos and 

The main p a r t  of the analyzer coneists in a spherical  condensor, t o  the 
l i n i n g  of which symmetrical potent ia ls  + 2 and - - are fed. The angle 
of t ra jec tory  deflection of a par t ic le ,  f ly ing  in the  meridional plane of 
the  condensor is 4 125' [8 3. The s'pherical condensor is located inside a 
t h i n  aluminum casing connected with the s a t e l l i t e  frame. 

Electron was in t h e i r  respective electron c i r c u i t s .  
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The t r a j e c t o r i e s  of par t ic les  received by the analper, l i e  in 
the  i n t e r v a l  of angles 8'1 60~10° ,  where # is the angle between t h e  

ax i s  of the def lect ing condensor and the t r a j ec to ry  direct ion of the pac- 
t i c l e ,  enter ing the gap between linings. The analycer geometrical fac tor  
is (5-0.1 Eo cm2 s t e r  key, the half-width of the  pass-band is ( dE 1% = 1%. ==o 

A block-diagram of the analyzer of Electron-2 is shown in Fig.1. 
%he device contained two separate SALand SAH-analyzers, with the proper 
electron c5.rcx1ite and the changeover devices. 

The SAGanalyzer w a s  tuned t o  the r eg i s t r a t ion  of e lec t rons  and 
posi t ive ions  with energies 330-0.1; 0.2; 0.5; 1 kev, and w a s  switched 
from one energy t o  the other by command from ground, when the  satell i te 
was at perigee. The SAH-analyzer was tuned t o  energie'e of 1, 2, 5 and 10 ker 
and wae twitching over once every two minutee on airborn oommend. The par- 
t i c l e s  having passed through the analyzer h i t  the col lectro,  at whose input 



t w o  grids were mounted. The nearest one t o  co l lec tor  was connected with 

the frame, while on the  other, a - 20 potent ia l  r e l a t i v e  t o  frame ma 
, sustained. It uaa ver i f ied  experhenta l ly  t h a t  a - 20 po ten t i a l  wa8 suf- 

f i c i e n t  for the suppression of secondary electrons from collector. The 
grid8 also weaken the  capacit ive coupling between co l lec tor  and spheres. 

For t h e  masuregent of collectro current,  the principle  of charge 
accumulation on the condensor wa6 ap?lied, together with i t 6  logar i thmh 
conversion i n t o  a number of pulses [93. Every cycle of analyzer operation 
began from the a r r i v a l  of airborne command t o  the master block of the 
device, and l a s t ed  120 8ec. 

The m a s t e r  block formed three consecutives pulses, the first of 
which bein8 u t i l i z e d  fo r  s e t t i n g  a l l  the t r i gge r s  in the  state "0". The 

second pulse was used t o  close the discharge re lays  of the  SAL and SAN 
condensors, and was sicmltaneously fed t o  coincidence c i r c u i t s  ad same, 

The series of pulses appearing at logarithmic conversion c i r c u i t  output 
at  closing of discharge relay were counted by trigger chains. The t h i r d  
pulse switched over the SfLll-analyaer's high-voltage commutator. 



All t he  changeovers ended by ~ % s e c  after a r r i v a l  of the airborne command, 
and eubeequently charge accumulation began on condensore SAL and SAIV, The 
duration of a cycle i8 120 sec, o r  480 sec on some convolutione, The condi- 
t i o n s  of triggers w e r e  interrogated prior t o  a r r i v a l  of airborne command. 
A t  every 18th cycle the discharge relap were Switched t o  control  conden- 
s o r s  and not the measuring ones, the former being charged t o  a rather l o w  
voltage spheres' feeding sources. The minimum particle f l o w  J h ,  average 
in the  i n t e r v a l  AE, regfstered by the  analyzer, cons t i t u t e s  in the  amnuup- 
t i o n  of isotropy, - 1 107 - particle/ cn2-bv .  
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R E S U L T S  - 
*1COS:-:OS-12t1, 1VOS140S-15*g [lo, 11 3.  - The e l e c t r o s t a t i c  analysecs 

of these s a t e l l i t e s  w e r e  tuned t o  t h e  r eg i s t r a t ion  of e lec t rons  and ions 
with energJr of 1 kev. Their orb i t s  passed a t  dis tances  of 405 - 173 km 
from the E a r t h ' s  surface; t h e  orb i t  planes were inelinad at 6 5 O  t o  the 
plane of the  t e r r e s t r i a l  equator. The analyaer readings u8ually did not 
exceed t h e i r  threshold of respo~me, t ha t  is ry 1 - lo7 particle/c& sec ksv. 

a t  180 +- N o  E.L., 60 - 6 5 O  Solat.,  region of t h e  South of Bew Zealand, 

where passes the  maximam i80chanm, a r e e o n  of iUt8JMitp bm-9 of slec- 
t rons  w a 6  r e v d e d .  - A t  every flight through t h a t  region e lec t ron  fluxes 
t o  2 *IO electron/cm sec kev were reg is te red ,  whenever data on analycer 
operation were available. D a t a  on p a r t i c l e  fl-e i n  that  region were 
obtained from two flights of Cosmos-12 on 28 December 1962 and from four 
f l i g h t s  of Cosaos-15 on 23, 24 and 25 April 1963. 

a 2 

"ELECTRON-2",- KERIOD F'RON J.WUARY THROUGH 21 F-ARY, - A t  

each convolution the satell i te passed through the  region of inereased in- 
t e n s i t y  of e lec t rons  with energies 0.1- 10kbvover the  ascending, a8 w e l l  
88 descending portions of the t ra jectory,  or over one of them. These por- 
tioles o f  t r a j ec to ry  were all located near midnight or 07 00 hours L.T. 
The examples compiled according t o  SAL data are p lo t t ed  in Fig .2 ,  which 
is the  ascending part of the 19th orbit, and on Fig.3, 
cending portion. The SaEanalyzer  w a s  tuned, over t h i s  o r b i t ,  t o  e lectron8 
w i t h  energies Eo = 0,5kev, The SAL-device's readings were converted here 

which ;Le its des- 
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from the intensity of the isotropic flux of electron8 and corrected for 
the background. The analysis  of the character of readings of the device, 
including the data on satellite's orientation and own spinning, allowed 
to establish, that background is conditioned in these area8 only by the 
photocurrent from collector grids. The !naxinam value of the photoelectron 
signal was equivalent to the flux of - 1 10 particle/c&.sec.kev. 

, 

8 

F i g . 2 .  Zxample of passago through the region of increased 
intensity of electyoas on t?:e ascending portion of the traject- 

or:- of the 19th orbit. 

F i , - . j .  - Sa?;. for t5c isscending portion of trajectory 
oi" the 19th orbit. 

The variations of the maxiaum registered intensity of electrons at night 
morning passages in regions a r e  plotted in Fig.4. In these regions, the 
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e lec t ron  flux88 a t ta ined  the values of 410 9 electron/cm2 sec  kev at 

Eo = 0.2 key and - 1 - lo8 at kev, The absolute values of i n t e n s i t y  
are brought up w i t h  a root-mean square error of m. Shown in the  sane 
figure is the boundary of the  regions of increased i n t e n s i t y  of e lec t rons  
with e n e r g b s  of l - lOkev,brought  up into the magnetic equator plane 
along the  dipole lines of force. For the  boundary, the point was cho68n, 
where the  i n t e n s i t y  of e lec t rons  const i tuted one half of the  fialfnnlm, 

I I 
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Fig .4 .  - Extension of tiic regions of increased i n t e n s i t y  
and e lec t ron  f luxes ~laxinm in the  regions. The data are 
r e l z t e d  t o  e lec t rons  w i t h  energies from 1 t o  10 kev. 

On the  apogee portions of the  o r b i t ,  the SAL and S a  analyzers 
d i d  not, 88 a rule, r e g i s t e r  any fluxee exceeding the  threshold of res- 
ponse, However, at certain f l i g h t s  in the  apogee region sporadic rise8 
i n  the i n t e n s i t y  of electrons with energies  E o $ l k e v  were observed. 
A t  first such rises were noted over the descending port ion of the tra- 
jectory of the  14th o r b i t  on U February, and reg is te red  from 0820 t o  
0920hours UT by the  SAL- analyzer, tuned up f o r  e l ec t rons  with energiee 
of 1 kev, The f l u x  of such electrons a t t a ined  1.5 10 8 electrons/cm2- sec .kev, 



The appearance of a sporadic flux of electrons with energy of 200 kev 
w a s  also noted on 19 and 20 February. While on the  19th the  value of 
the f l u x  did not exceed 1 10 el/cm2 sec kev, on the  20th i t  became 
greater than 1.109 electron/cm2 8ec kev, Data for the  18th  show t h a t  
t h i s  sporadic flux began apparently already on t h a t  day, but its in tens i -  
t y  w a s  less than 1 10 electron/cn2 sec ker, The readings of the  SAL-ana- 
lyeer  for 19 and 20 February s r e  compiled i n  Fig.5 and 6, The correct ions 
for t h e  p3otoelectron sirgnal were not effected i n  Fig. 6, 
of t r a j e c t o r y  portions,  where sporadic fluxes were r e g b t e r e d ,  are shown 
in the  Table he rea f t e r :  

8 
' 

8 

The coordinates 

T A B L E  

62.9 
-71.37' 
3.8 

00 U32 

2%-. 5. - E x a p l e  of detection of the sporadic layer of 
e lec t rons  on 19 T'ebruary. 

The rea2ings of tbe SAL aod. SAX analyzers never exceeded the  
background level when tuned on t h e  ion& Only on 1- 3 February and 
6-7February o r b i t s  could the character of analyzer SAL readings be 
l inked with the r eg i s t r a t ion  of ion fluxes with energy of 100- 200 ev 
and in t ens i ty  of severa l  u n i t s  of 107.- ion/cm I 2 

EO 
sec key. 
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D I S C U S S I O N  

, The apogee of Electron-2 wae distant from the center of the 

Earth by 11.7% and was located at  the  commencement of f l i g h t  a t ~ O 3 W  
hours LT.- The readings of the airborne magnetometer, jest as t h e  existing 
representation8 of the  s t ruc ture  and dimensiom of t he  magnetosphere, 
suggest t h a t  Electron-2 did not f l y  beyond the magnetosphere borurdary. 
A l l  cases of e lectron detection by analyzers a r e  subdivided i n t o  two 
groups. The first group refers t o  reZions of increased i n t e n s i t y  at mode- 
rate heights ,  while the second corresponds t o  sporadic fluxes over apogee 
port ions of orbi t .  

The electron f luxes in the regions of increased i n t e n s i t y  were re- 
gis te red  on all convolutions during the considered time period, The htea- 
s i t y  of electrons varied from convolution t o  convolution by severa l  times. 
Analysis of spatial disposit ion of t r a j ec to ry  portions,  over which the  
satell i te passed through these regions, shows, t ha t  the difference in the  
in t ens i ty  over various f l i g h t s  cannot be f u l l y  explained by t r a j ec to ry  d i s -  
placement. Iforeover, during the time from 10 t o  14 February, t h e  t ra jec to-  
r ies  of t he  sa te l l i t e  during f l i g h t s  through the regions p rac t i ca l ly  coin- 
cided; however, the  in t ens i ty  of electrons w a s  low a t  the  beginning, and 
increased after the  storm of 12 February. 

Consideration of the graphs, similar t o  indication6 of F ig  .2 rad 

3, leads t o  t h e  conclusion, t h a t  the fluxes of electron8 in t h e  regions are 
not endowed v i th  a sharply expressed course, which ought t o  manifest i t s e l f  
in a form of curve modulation on account of satellite 
place with a period somewhat smaller than 120 sec. A weak modulatirnn can 
be perceived wi th  a period of a few cycles; however, t h i e  modulation is 
much rather l inked w i t h  t he  inaccuracies of correct ions f o r  background, 
Data on the posit ion of t h e  regions of increased i n t e n s i t y  of electrons,  
brought out  I n  Fig .4 ,  
between L ~ ( 3  + 7) and L - ( 7  + 131, on the  morning s i d e  between 
L - (10 + 14) 
region is  much sharper, a8 a rule, than t h a t  of the  night  region. It may be 
seen from Fig. 4 t h a t  the electrons,  populating t h e  regions, are observed i n  

show, t h a t  on t he  night  s ide  the region is s i t u a t e d  

and L - (12 + 2 0 ) .  The outer boundary of the morning 



mac"aetoquiet, a6 w e l l  a6 i n  mag to-disturbed days, but the extension 
of the  regions and the in tens i ty  of electron6 in them pos i t ive ly  corre- 
late with the  $-index. The spectrum of electrons in the  regions reveals  
a tendency t o  softening at drifting frorri Earth. 

Represented in Fig .?  are t h e  regions of increaeed i n t e n s i t y  of 
low energy electrons after the data of analyzers from Electron-2, and 
a l s o  the regions, in which electrons with energies >200er. were detected 
during the  f l i g h t s  of t he  2nd Sovie t  cosmic rocket E l ] ,  of the  flMars-lla 

probe and ttEkplorer-1218 141. The pos i t ion  of the magnetosphere boundary 
in the equator ia l  plane after t h e  da ta  from ~xplorer -18  are also p lo t t ed  
in 33%. 7 [SI. Coinparison of data on the  night s ide  show, t h a t  the results 
of measurements on Electron-2 agree wel l  with the earlier experiments. 
The night region of increased in tens i ty  of low energy electrons,  reg is te red  
by t h e  analyzers of Electron-2 during a prolonged time and high geomagnetic 
l a t i t udes ,  cons t i tu tes  appmently a branch of the  so-called "outermostta 
rad iz t ion  be l t ,  The region of increased in t ens i ty  of electrons on the  mor- 
ning s i d e  and high geomalJ;netic l a t i t udes ,  was at first observed during 
t h e  f l i g h t  of Electron-2, as far a6 we know, It should be noted,tha* 
during the f l i g h t  of Explorer-12 no increase i n  i n t ens i ty  of e lec t rons  
with energy 
plane. The existence of the  morning electron region, revealed by Electron-2 
at high l a t i t u d e h c a n  be related t o  processes taking place near the  neu t r a l  
points  02 the  magnetosphere. 

9 2 0 0  ev was observed on the  morning s i d e  near the  equator ia l  

The sporadic flaxes of e lec t rons  are character i ted by f a i r ly  large 
and rapid osc i l l a t ions  of in tens i ty  and are reg is te red  between midnight 
and morning meridians beyond t h e  above-considered regions, The electrons 
of sporadic fluxes are apparently s i t u a t e d  on the  lines of force of magne- 
tosphere tail. It w a s  noted tha t  after the appearance on 12 February of the  
sporadic flux, the extension of the regions of increased i n t e n s i t y  of elec- 
t rons  with energy from 1 t o  10 kev increased. Strongly increased aleowas t h e  
extension of the electron reZion w i t h  energy of 0.2kev after detection of 
the  spora2ic f l u x  of 20 February. Attention should be dram also t o  the  fact 
t h a t  on 12 and 20 February, SC magnetic storms were observed and  registered. 
These f a c t s  point t o  a possible ?.ink between the  appearance of sporadic 

flux , geomagnetic disturbances and the population of recions of increased 
in t ens i ty  of electrons. 
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Fig.6. - Example of detection of the sporadic flux of 
electrons on 20 FebruarJ. 

Fig.  7. - Comaprison of earlier re I ts  of mea rements 
of l o w  energy electron fluxea with the data 
obtained wi th  the aid of e lectrostat ic  analyzere 

of the s a t e l l i t e  Electron-2. 
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The general conclusion derived from measurements of ions for 
the period from 30 January through 20 February 1964 consists, in our 
opinion, in t h a t  the t o t a l  flux of ions in the energy interval  0.1- 

-10 kev inside the magnetosphere does not exceed the threshold of re60 
ponse of devices, t h a t  i8, 

ions on s a t e l l i t e s  Ibc~lorer-l0,42,-18 inside the magnetosphere, Accord- 
ing t o  da t a  of Explorer-10 trap,  ion flaxes, during a single f l i g h t  and 
a t  R > 3 . 9 R ~ ,  did not exceed 3 lo7 ion/em2*mc. C2J.A spherical electro- 
s t a t i c  analyzer was instzl led aboard Explorer-= for measurement of ions 
[ 3 ] . -  According t o  the data iron the latter, the isotropic flux of ions 
d id  not exceed 2 10 
The trap of the s a t e l l i t e  ~xp10rer-18 [SI fa i led  t o  reveal ion fluxeer 

e 5 lo7 ion/cm**sec. 
This conclusion agrees well with the resul t8  of meaeurements of 

9 ion/cm2-sec in the energy interval  from 0.1 t o  2Okev. 

exceeding 10 8 ion/cm2 sec. in the 45-545400 ev energy range. 

CCXTRXT 110, IUS - 5 - 3760 Translated by 

on 28- Consultants & Desipers,  Inc. 
Arlington, V i r g i n i a  
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